Arboviral encephalitis is a group of animal and human illness that is mostly caused by several distinct families of viruses including orthobunya virus, phlebovirus, flaviviruses, and the alphaviruses. Although specific signs and symptoms vary by the type of central nervous system (CNS), initial signs and symptoms are very similar. Therefore rapid immunologic and molecular tools for differential diagnosis of arboviral encephalitis viruses are important for effective case management and control of the spread of encephalitis. The qRT-PCR assay, especially multiplex PCR, has the potential to produce considerable savings in time and resources in the laboratory detection. Meanwhile, the use of IC can prevent false negatives effectively by monitoring the processes of nucleic acid extraction and amplification. This report describes the development of a panel of internally controlled multiplex one-step real-time RT-PCR assays in which two virus specific-probe sets were used in the same reaction for the detection of 15 species arboviral encephalitis viruses: the comparative sensitivity of multiplex one-step qRT-PCR assays to single plex one-step qRT-PCR assays as well as one-step RT-PCR assays for detection of each viral species. And total of 150 human serum samples were detected to evaluate the multiplex one-step qRT-PCR assays. These multiplex one-step real-time RT-PCR assays with IC were evaluated in terms of sensitivity, linearity, precision, specificity, and also field samples including serum and vector. These assays can detect and differentiate arboviral encephalitis viruses by high throughput, sensitive, and specific way. It is useful for clinical management and outbreak control of arboviral encephalitis viruses and vector surveillance.
Introduction
Arboviral encephalitis is caused by infection with an arbovirus, which transmitted by a mosquito, tick or another arthropod. The commonest cause of human disease is flaviviruses, alphaviruses, orthobunyavirus and the phlebovirus [1] [2] [3] . Eastern equine Encephalitis virus (EEEV) [4] [5] , Western Equine Encephalitis virus (WEEV) [6] [7] and Venezuelan Encephalitis virus (VEEV) [8] belong to the alphaviruses, Japanese Encephalitis virus (JEV) [9] , St. Louis Encephalitis virus (SLEV) [6] [10] [11] , West Nile virus (WNV) [5] [6] [12] and Tick-borne Encephalitis virus (TBEV) [13] [14] [15] [16] are from the flaviviruses, while California Encephalitis virus (CEV) and La Crosse virus (LACV) [17] are members of the orthobunyavirus, and Rift Valley Fever virus (RVFV) [18] [19] and Toscana virus (TOSV) [20] are members of the phlebovirus. Many types of arboviral encephalitis occur throughout the world. They include Japanese Ence-
phalitis (JE), Rift Valley Fever (RVF), Tick-borne Encephalitis (TBE), Murray
Valley Encephalitis (MVE) [21] [22] and, most notorious of all, the West Nile virus (WNV) [23] [24] which causes West Nile encephalitis, also known as West Nile fever.
Recently, increasing evidence has shown that certain arboviruses such as dengue virus and chikungunya virus may occasionally cause encephalitis in addition to their conventional symptoms, which usually involves headaches, muscle and joint pain, and rashes [25] [26] [27] [28] . Most of these diseases are problems only for those individuals traveling to countries where the viruses are endemic, having similar symptoms. Therefore, it is too difficult to distinguish the various etiologic agents based on clinical signs and symptoms, which makes the accurate and timely laboratory detection of viruses important in early diagnosis of arboviral encephalitis.
In view of its identifying the selected target gene of RNA viruses rapidly and specifically, probe-based real-time quantitative reverse transcription-polymerase chain reaction (qRT-PCR) assay is widely used for virus detection. Some methods for detection of arboviral encephalitis viruses have been published, which provides useful references for people working on them. However, most of these qRT-PCR assays may cover only one or parts of virus strains.
Meanwhile, despite the large number of reported arboviral encephalitis virus real-time RT-PCR assays, few of these assays have been designed to include an internal control (IC), either as an extrinsic molecule spiked into each sample before or after extraction or as a heterologous intrinsic target that is co-extracted with viral RNA. It has been advocated that ICs be used in settings where PCR D. G. Zhou, J. Lu DOI: 10.4236/aim.2018. 87036 521 Advances in Microbiology inhibitors present a significant source of false-negative results, which may be particularly important in the performance of nucleic acid detection [29] . Therefore, a panel of reliable comprehensive duplex one-step real-time qRT-PCR assays covering all important pathogens, suitable for multiplex screening or specific quantitative identification with fast turn-around time and identical cycling parameters is still urgently needed, so that the unknown samples can be tested simultaneously and effectively.
Here, we established a panel of species-specific internally controlled one-step real-time qRT-PCR assays for multiplex detection of 15 viruses, which covered nearly all the important viral pathogens that cause arboviral encephalitis, including Eastern equine encephalitis virus (EEEV), Western Equine Encephalitis virus (WEEV), Venequilan Equine Encephalitis virus (VEEV), Japanese Encephalitis virus (JEV), Saint Louis Encephalitis virus (SLEV), Murray Valley Encephalitis virus (MVEV), West Nile virus (WNV), Powassan virus (POWV), California Encephalitis virus (CEV), La Crosse virus (LCV), Tick-borne Encephalitis virus (TBEV), Rift Valley Fever virus (RVFV), Toscana virus (TOSV), Dengue virus (DENV), Chikungunya virus (CHIKV) and internal control (IC). All assays were optimized at a same thermal cycling condition, and evaluated under single plex, duplex qRT-PCR assays or RT-PCR assays for detection of the in vitro-transcribed Viral RNAs, which were proved to be reliable molecular tools of early diagnosis. And total of 150 RNA samples from human serum were examined using the multiplex one-step real-time qRT-PCR assays. The duplex one-step real-time qRT-PCR assays were verified that the assays were sensitive, specific and reliable methods for detection of arboviral encephalitisis viruses. And they are useful for clinical management and outbreak control of arboviral encephalitisis viruses and vector surveillance.
Materials and Methods

Primers and Probes Design
In this study, 15 species viruses were detected, all of genomic sequences were all retrieved from the GenBank database of NCBI (http://www.ncbi.nlm.nih.gov/nuccore/). The multiple alignments and identification of conserved regions of genomic sequences were carried out respectively by Perl script, which using Clustal W alignment program and sequence analysis algorithm. Primers and probe for each virus were designed using a Primer Premier software (version 3.0), and optimized using Oligo software (version 6.0) by analysis of potentials for dimerization, cross-linking and secondary structures. The specificity of primer and probe sequences was further confirmed using primer-BLAST (NCBI). The probes were differently labeled with the fluorescent dyes, FAM, HEX. All oligonucleotides were synthesized by Invitrogen Technology Co., Ltd.
IC Design
The IC nucleic acids contained primer-binding regions that were designed ac- 
Viruses and Sample Preparation
Viral isolates propagated in C6/36 or Vero cells, including DENV 1-4 types, 
RNA Extraction
RNA samples used for detection and quantification were prepared using 
Preparation of Viral RNA Standards in Vitro Transcription
Single-stranded DNA fragments containing cDNA derived from (DENV, CHIKV, TBEV, RVFV and WNV) which obtained through chemical synthesis or RT-PCR amplification from viral isolates, andcontaining a 5'T7
RNA polymerase promotersequence (TAATACGACTCACTATAGGG) were synthesized. Single-stranded DNA fragments were purified using the Gel Extraction Kit (Qiagen) and performed according to the protocal. Subsequently, the purified single-stranded DNA fragments were transcribed by T7 RNA polymerase using RiboMAXTM Large Scale RNA Production Systems-T7
(Promega), and Viral RNA standards prepared according to the manufacturer's instructions for use. After in vitro transcription, the RNA transcripts were purified by RNeasyMini Kit (Qiagen), the concentration of RNA transcripts was measured using a NanoDrop ND-1000 spectrophotometer (NanoDrop Technologies), and 
One-Step RT-PCR Assays
As the standard for comparison, One-step RT-PCR arrays were conduct according to previously reported method. One-step RT-PCR reactions were performed using Ag Path-ID TM one-step RT-PCR Kit (Applied Bio systems), and performed according to the protocol. Briefly, the primers for RT-PCR of each assay are the same as those for qRT-PCR. Also, the templates for RT-PCR are the same as those for qRT-PCR, including the reaction system. The amplified product was analyzed by electrophoresis using 2% agarose gel. The gel was stained with ethidium bromide and the amplified product was visualized under UV light. Multiplex One-step real-time qRT-PCR assays and One-step RT-PCR assays were compared for sensitivity for 15 species viruses.
Specificity, Sensitivity and Reproducibility
To assess the specificities of the developed multiplex one-step real-time 
Result
Primer-Probe Selection and Design
Genomic sequences of all representative strains of each viral species were downloaded from the GenBank database (Supplementary Table S1 ). The internal control (IC) chooses synthetic construct sequence as the target gene having no homology with these arboviral encephalitis viruses. In total, 16 primer-probe pairs were designed. All primers-probes were grouped into eight groups for the duplex reaction based on the related diseases or virus families. Using the developed reaction system, we tested each primer/probe set in the single plex assays, and then combined them into duplex reactions for multiplex one-step real-time qRT-PCR assays according to Table 1 .
Generation of Viral RNAs
For further assessment of specificity and sensitivity for the developed Multip- Table S2 ). The invitro-transcribed Viral RNAs were used in the Multiplexone-step real-time qRT-PCR assays, one-step real-time qRT-PCR assays, and one-step RT-PCR assays for specificity and sensitivity evaluation.
Sensitivity and Reproducibility of Multiplex One-Step qRT-PCR Assays
The sensitivity of multiplex one-step qRT-PCR assays, single plex one-step qRT-PCR assays and one-step RT-PCR assays for detection of each viral species.
As shown in Supplementary Table S2 Table 2 ). The synthesized RNA standards were used for the multiplex assays testing, and standard curves of detections for each virus RNA transcripts were also constructed and showed high correlation coefficient, R 2 > 0.98 ( Figure 1 ). In most multiplex assays (13 out of 15 virus detections), the LODs were at a range from 94 to 150 RNA copies/PCR, which was similar to that in the single plex assays (Table 2) . Besides, WEEV and JEV detection assays showed a little lower sensitivity with the LODs of 215.6 and 174.3 copies/PCR, respectively. As shown in Table 2 Table S3 ). The coefficients of variation (CVs) of CT values were all less than 5% with 0.06% -4.95% for intra-assays and 0.09% -4.98% for inter-assays (Figure 2) , suggesting that the developed multiplex one-step real-time qRT-PCR assay is reproducible. 
Application of Multiplex One-Step qRT-PCR Assays
To verify that multiplex one-step qRT-PCR assays was detecting infectious virus and not simply RNA, the cross-reactivity of the single plex primers/probe was examined using all the in vitro transcribed viral RNA standards with the concentration of 10 6 copies/µL. We also attempted to 150 RNA samples in the test. (Table 3 ). In addition, there was also no significant nonspecific amplification plots obtained in the testing of RNA samples which isolated from human serum ( Table 4 ). The 15 species viruses qRT-PCR assays were suggested to be 100% at a cut-off Ct value. It was indicated that the specificity of the de-Advances in Microbiology positive (13/13) in Group F, and the healthy human sera were negative (Table 5 ).
Figure 2. Coefficients of variation of Ct values in the multiplex one-step qRT-PCR assays.
The multiplex one-step real-time RTPCR assays were performed in three independent experiments of replicates. The Coefficients of variation (CV) of Ct values were calculated in both intra-assays (A) and inter-assays (B), and showed all less than 5%. Table 3 . Specificity analysis using in vitro transcribed viral RNAs. The test of 45 sera collected from Dengue patients showed 95.6% sensitivity (43 out of 45 detected DENV positive) with only two negative samples (Table 5 ).
For these 112 mosquito pools, 6 pools were JEV positive and 2 pools were DENV positive respectively, and for the 38 ticks, 2 were positive. These results of vector samples were validated as the same as the above results by RT-PCR or sequencing. Also, there were no false positive results observed in the unrelated patient sera and healthy humans era, suggesting 100% specificity in all the three tested groups of multiplex assays (Table 5) . 
Conclusions
In conclusion, the comprehensive multiplex one-step real-time TaqManqRT CV, coefficient of variation. Intra-assays were determined from two replicates within each dilution. Inter-assays were determined from three independent assays performed on different days. 
